Background: Few data are available about obesity surgery in adolescent patients. Objective:
Introduction
Obesity is a common disease that affects all age groups [1] . In 1998, the World Health Organization warned that obesity had reached the rank of a pandemic and that its prevalence was increasing alarmingly, both in adult and child populations [2] . In the USA, 32% of children between 10 and 17 years are overweight and 16% are obese. In addition, the incidence of obesity has tripled over the last 30 years [1] [2] [3] . The obesity problem seems to be self-perpetuating, considering that a significant percentage of adolescents suffering from morbid obesity persist in being obese in adulthood [4, [5] [6] [7] .
Surgical treatment is the only long-term effective treatment against obesity [8, 9] . As in adults, medical treatment is only moderately effective in adolescents and has a limited impact on weight loss [10] . Data suggest that adolescents with morbid obesity, aged between 15 and 17 years, have elevated levels of C-reactive protein. This blood marker for inflammation that in adults is considered an early warning sign for future heart disease is elevated in obese adolescents compared to healthy-weight adolescents [11] . Additionally, young obese patients have an increased number of psychological problems [12, 13] .
More often than not, after medical treatment, including a dietary control and increase of physical activity, surgical management of adolescent morbid obesity is needed [14] . Some selected centers have shown promising results with different surgical techniques [15] [16] [17] . In our department, the laparoscopic Roux-en-Y gastric bypass (LRYGB) was elected to treat morbidly obese adolescents. This article provides our long-term results of LRYGB in adolescents and analyze the overall process in terms of early outcomes, complications, compliance, satisfaction and follow-up results.
Material and Methods
From May, 2003 to December, 2008, 28 carefully selected adolescent patients underwent a LRYGB procedure for morbid obesity. Patients were referred to our department after multidisciplinary treatment, by psychologists, nutritionists, endocrinologists and pediatricians. All patients previously underwent medical, dietary and multimodal treatment in the De Haan Sea Preventorium which is a national health center offering multidisciplinary inpatient continuous care including strict dietary supervision and physical activity programs ( fig. 1 ). Once the decision was made to undergo surgery according to our protocol, standard laparoscopic gastric bypass was performed. A systematic review of our prospective database was performed. For each patient, relevant data, such as age at the time of surgery, initial BMI in kg/m 2 ) and comorbidities, were evaluated. Additionally, follow-up data were collected, including complications, resolution of comorbidities, years after surgery with nadir weight and follow-up details such as dietary habits. Type 2 diabetes mellitus (T2DM) was diagnosed when a fasting plasma glucose test showed values >126 mg/dl and glycated hemoglobin (HBA 1C ) was >6.2%. Dyslipidemia was defined as low-density lipoprotein (LDL) > 130 mg/dl or when treatment with a statine drug was necessary. Sleep apnea was diagnosed in patients treated with a continuous positive airway pressure machine. Finally high blood pressure was considered when patients were treated with at least two antihypertensive drugs. A specific assessment was done in view of this study by a telephone questionnaire that included questions related to the number of check-up visits each year, vitamins supplementation (including calcium, zinc and multivitamin intake per day) contraceptive methods among females, and degree of satisfaction with the surgical procedure and the overall process. The degree of satisfaction was ranked from 0 to 10, 0 being absolutely unsatisfied and 10 absolutely satisfied. The questionnaire was proposed via telephone to all patients reached. Efforts to reach the patients included several attempts to contact the patient by the use of our institutional database or, if not successful, by getting in touch with the general practitioner. Once the childhood group (ChG) was considered complete, a comparison adult group (AdG) was obtained by randomly choosing adult obese patients who had undergone LRYGB during the same period of time and who were matched for gender and BMI. The patients in the AdG were investigated using the same methodology, including the telephonic questionnaire and visit in the outpatient clinic for all patients. All patient from AdG were seen in the outpatient clinic.
Statistical analyses were carried out using SPSS 1.5 software (SPSS, Chicago, IL, USA). The two-tailed t-test for non-paired variables was used for evaluating postoperative time and the continuous variables BMI. Significance was assumed for p < 0.05.
Results
Of the 28 adolescent patients of the cohort, 19 were available for full evaluation consisting of office visit and questionnaire response (68%). The outcomes of the ChG were compared to the data of the AdG, and there were no significant differences between the two groups in terms of gender, BMI, and mean follow-up time ( table 1 ) .
There were 15 females in the ChG and 14 in the AdG. Mean age of the adolescents at the time of the procedure was 15.5 years (range 13-17 years). Mean age of the AdG was 39.4 years (range 35-45 years). Mean BMI for the ChG at the time of the procedure was 38.9 kg/m 2 (range 35-44 kg/m 2 ). A similar BMI was recorded for the AdG (39.4 kg/m 2 ) (range 35-45 kg/m 2 ). At the time of the procedure, 3 adolescents had unsuspected T2DM, 5 suffered from dyslipidemia, 1 from sleep apnea, and 1 from high blood pressure. In the AdG, 4 patients had T2DM, 4 high blood pressure, 6 dyslipidemia, and 1 sleep apnea.
In the ChG, 12 of the 19 patients had an uneventful postoperative course, and 1 required a laparoscopic reoperation for an internal hernia. In the AdG, 12 of the 18 patients also did not suffer any complications but 3 needed a reoperation for obstruction (n = 2) or leak (n = 1). The mean follow-up time was 7.2 years for the ChG and 7.7 years for the AdG. The nadir weight was achieved after 3.7 years in the ChG and after 2.3 years in the AdG (p = 0.021). BMI at follow-up was 27.5 kg/m 2 (range: 21.8-35.2 kg/m 2 ) in the ChG and 23.4 kg/m 2 (16.2-28.1 kg/m 2 ) in the AdG (BMI loss was not significant between the two groups, p = 0.235). All patients from both groups recovered from their initial comorbidities. Analyzing the longterm follow-up of the patients, 13 patients from the AdG mentioned to adhere to a strict follow-up regime with blood analyses (2-4 analyses per year) and adequate vitamins intake (compliance 72%). Conversely, 16 adolescents were controlled but 3 of them claimed not having any type of follow-up despite advice, and denied vitamins intake. In the AdG, 5 patients had blood work on a regular basis, and 6 denied vitamin intake. The overall compliance rate in the AdG was 72%. A specific question concerning fertility, pregnancy, and contraceptive methods showed that 2 out of 12 female patients (17%) of the ChG who were taking classical contraceptive measures became pregnant 6 or 8 years after the surgery despite use of an oral contraceptive. Conversely, 6 out of 9 patients (66%) who did want children became pregnant and delivered without problems.
Overall, the degree of satisfaction after the procedure was high (8.2 in the ChG and 8.9 in the AdG). Most of the patients of both groups (82% in the ChG and 78% in the AdG) would be willing to undergo a similar procedure to treat their obesity (table 2) .
Discussion
Morbidly obese patients have an increased risk for metabolic complications. This is also valid for obese adolescents [11, 18] . Remarkably, starting at the age of 3 years, two-thirds of morbidly obese children have two or more cardiovascular risk factors [11] . Additionally, a substantial number of these children have significant comorbidities that are typically observed in obese adults [11] . One study that included individuals between 5 and 17 years showed that 70% of obese children and adolescents presented with at least one cardiovascular risk factor, and in 39% of obese children at least two cardiovascular risk factors could be demonstrated [19] . When analyzing the psychological effects of obesity in adolescents, depression, low selfesteem, poor interaction with peers, anxiety, suicide, and severe psychosocial problems are strikingly more frequently observed in this group than in the non-obese population [18, 19] . As for adults, childhood obesity treatment should include measures to promote changes in lifestyle, eating habits, self-esteem, and family communication [20] . However, a significant percentage of patients will not be able to reverse their obesity and may consider surgical treatment [21] . Changes induced by bariatric surgery in adolescents will mitigate the deleterious effects of morbid obesity, but this should not disturb the brittle overall equilibrium of the adolescent [18, 22] . Several surgical approaches to treat adolescent morbidly obese patients have been described. They include the biliopancreatic diversion (BPD) with its inherent risks related to malabsorption and technical difficulty of the operation [23] [24] [25] . Nowadays, BPD has lost popularity to the benefit of other techniques that are seemingly simpler and appear to carry a lower incidence of complications and mortality. One of the most popular 'simpler' procedures is the laparoscopic adjustable gastric band (LAGB). The LAGB is an attractive treatment mode because of its excellent results, its alleged reversibility, and its absence of nutritional deficits [26] . LAGB has been shown to be more effective compared to medical treatment in these patients [26] . Some studies show acceptable weight loss, but weight loss ranges between 15% and 87% of excess weight [15, [27] [28] [29] . LAGB has been shown to improve the quality of life [30, 31] . Further studies with more than 200 teenagers confirmed the weight loss figures for a period of 6 months to 7 years, with no deaths and a complication rate of 6-10% [32, 33] . However, a higher rate of reoperation for failure was reported in adolescents undergoing LAGB compared to those undergoing gastric bypass [34] [35] [36] . The high rate of reoperation and band removal (nearly 50%) was previously found in our study on adult patients over a 12-year period [37] . This situation may be a significant issue for adolescents with a life expectancy of several decades. Additionally, there appears to be an increased rate of gastroesophageal reflux disease (GERD) after LAGB [9] . Considering the high failure rate, the damage to the lower esophageal sphincter and the alarmingly high incidence of reoperation, other bariatric procedures may be preferable in obese adolescents. In fact, the presence/absence of GERD and of T2DM guided us in selecting bypass or sleeve interventions (the latter being performed preferably in subjects who do not suffer from either condition). We try to choose a reversible procedure in youngsters. Obviously, sleeve gastrectomy is irreversible. In our opinion the adjustable band, while removable, does leave irreversible changes around the cardia, and may permanently damage the lower esophageal sphincter. This is the reason why we abandoned the adjustable band procedure in 2004 in our department. Conversely, the bypass procedure is indeed fully reversible [38] .
Possible alternatives for LAGB include laparoscopic sleeve gastrectomy (LSG) and LRYGB. With the increased popularity of the LSG in the recent years, new reports have appeared investigating its use in adolescents [1, 39] . The apparent ease of the procedure and the usually good reports on the outcomes have seduced a number of surgeons into performing LSG in adolescents. LSG has been used even in a 2-year-old patient suffering from extreme obesity [40] . Additionally, in a recent report by Al-Qahtani et al. [41] , 108 teenagers with initial BMI of 50 kg/m 2 , who had been followed up to 2 years, showed an average loss of 62% of excess weight with resolution of sleep apnea syndrome (20 of 22 patients) and T2DM (15 of 16 patients) and with no major postoperative complications and only 4.6% minor complications. Follow-up, however, was limited to 2 years, a time frame that is known to be advantageous in terms of weight loss outcomes after LSG [42] . Certainly, LSG is associated with drawbacks that make it less attractive for general use in adolescents. First, the procedure is irreversible. Second, there is the issue of weight regain beyond the 3rd postoperative year. Third, we have documented that after LSG GERD requiring chronic proton pomp inhibitors (PPI) occurs in up to one third of the patients [42] . There is evidence that the chronic use of PPI may have deleterious effects on health [43] .
LRYGB is probably the most popular bariatric operation. We chose this procedure for children because of its documented good long-term results and, importantly, its reversibility [44] . Opponents highlight the potential complications after LRYGB, which include micronu-trient deficiencies, especially iron, calcium and vitamin B12 [45, 46] . In our study, however, most of the adolescent patients showed a high compliance rate in terms of vitamin intake, and regular blood work (84%) should contribute to lowering the incidence of deficiencies. LRYGB did not seem to jeopardize the normal growth and development of our adolescent patients.
Women with a history of bariatric surgery are at risk of micronutrient deficiencies resulting from the combination of physiologic changes related to pregnancy and iatrogenic postoperative alterations in the absorption and metabolism of crucial nutrients. Deficiencies of phylloquinone, folate, iron, calcium, zinc, magnesium, iodide, copper, and vitamins A, D and B12 in pregnant and postpartum women after bariatric surgery need to be addressed and controlled [47] .
In this study, adolescent patients achieved acceptable weight loss at an average of 7 years after surgery, which is comparable to the AdG. Our outcomes are in accordance with our previously published results [48] . Interestingly, nadir weight was achieved significantly later in the ChG (after 3.7 years) compared to the AdG (2.3 years). This finding might be explained by the fact that in the ChG most individuals were still growing and in full physical development. The balance between the tendency to gain weight linked with the natural physical development on one hand and the weight loss caused by the operation on the other hand may translate into a longer weight loss process than in adults. Goldsmith et al. [49] described this previously in a non-surgical adolescent population treated by diet alone.
An important aspect when dealing with an adolescent population is the risk of undesired pregnancy. In our study, despite adequate birth control pill intake, 2 patients out of 12 (17%), developed a pregnancy 6 or 8 years surgery. The use of the contraceptive pill in a non-bariatric population has a much lower failure index of <1% [50] . The reduced activity of the pill after LRYGB may be due to altered pharmacokinetics of the drug due to the bypass anatomy [51] . Considering the abnormally high rate of unexpected pregnancy, we would suggest that the contraceptive pill should no longer be proposed as a reliable means of birth control. Hence, other methods should probably be implemented after LRYGB including spiral, mechanical means (diaphragm and condom) and hormonal slow-release preparations. Conversely, desired pregnancies did not result in problems during gestation or at birth. In fact, there is data regarding fertility, contraception and pregnancy outcomes which is limited to observational studies. Fertility is improved after bariatric surgical procedures, nutritional deficiencies for mother and child are minimal, and maternal and neonatal outcomes are acceptable with laparoscopic adjustable band and gastric bypass as long as adequate maternal nutrition and vitamin supplementation are maintained. However, special attention must be paid to adolescents in order to avoid undesired pregnancies [52, 53] .
The psychological effects of a bariatric procedure cannot be overestimated when dealing with adolescents. Some studies have evaluated the impact of bariatric surgery in obese adolescents and have shown its benefit from a psychological point of view [54, 55] . In terms of satisfaction with the procedure, there were no differences between the ChG and the AdG, which indicates that even after becoming adults, ex obese patients do not recall the procedure as traumatic despite what some have feared [56, 57] . Consequently, our data seem to confirm the results published by Messiah at al. [36] who showed improvements in physical functioning, general health, self-esteem and family activities in adolescents after bariatric surgery.
Conclusion
The alarmingly increasing rate of childhood and adolescent obesity in most countries must urgently be addressed. Surgical treatment includes many modalities such as LAGB or LSG but aspects such as reversibility or long-term failure and new onset of GERD must be
